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The NASA STI Program Offi ce … in Profi le
Since its founding, NASA has been ded i cat ed to the 
ad vance ment of aeronautics and space science. The 
NASA Sci en tifi c and Technical Information (STI) 
Pro gram Offi ce plays a key part in helping NASA 
maintain this im por tant role.
The NASA STI Program Offi ce is operated by 
Langley Re search Center, the lead center for 
NASAʼ s scientifi c and technical in for ma tion. The 
NASA STI Program Offi ce pro vides ac cess to 
the NASA STI Database, the largest col lec tion of 
aero nau ti cal and space science STI in the world. 
The Pro gram Offi ce is also NASAʼ s in sti tu tion al 
mech a nism for dis sem i nat ing the results of its 
research and de vel op ment ac tiv i ties. These results 
are published by NASA in the NASA STI Report 
Series, which includes the following report types:
• TECHNICAL PUBLICATION. Reports of 
com plet ed research or a major signifi cant phase 
of research that present the results of NASA pro-
grams and include ex ten sive data or the o ret i cal 
analysis. Includes com pi la tions of sig nifi  cant 
scientifi c and technical data and in for ma tion 
deemed to be of con tinu ing ref er ence value. 
NASAʼ s counterpart of peer-re viewed formal 
pro fes sion al papers but has less stringent lim i ta -
tions on manuscript length and ex tent of graphic 
pre sen ta tions.
• TECHNICAL MEMORANDUM. Scientifi c 
and tech ni cal fi ndings that are pre lim i nary or of 
spe cial ized interest, e.g., quick re lease reports, 
working papers, and bib li og ra phies that contain 
minimal annotation. Does not contain extensive 
analysis.
• CONTRACTOR REPORT. Scientifi c and techni-
cal fi ndings by NASA-sponsored con trac tors and 
grantees.
•   CONFERENCE PUBLICATION. Collected 
pa pers from scientifi c and technical  conferences, 
symposia, sem i nars, or other meet ings spon sored 
or co spon sored by NASA.
•   SPECIAL PUBLICATION. Scientifi c, tech ni cal, 
or historical information from NASA pro grams, 
projects, and mission, often con cerned with sub-
jects having sub stan tial public interest.
•   TECHNICAL TRANSLATION. En glish-language 
trans la tions of foreign sci en tifi c and tech ni cal ma-
terial pertinent to NASAʼ s mis sion.
Specialized services that complement the STI Pro-
gram Offi ceʼs diverse offerings include cre at ing 
custom the sau ri, building customized da ta bas es, 
organizing and pub lish ing research results . . . even 
pro vid ing videos.
For more information about the NASA STI Pro gram 
Offi ce, see the following:
•   Access the NASA STI Program Home Page at 
http://www.sti.nasa.gov/STI-homepage.html
•   E-mail your question via the Internet to 
help@sti.nasa.gov
•   Fax your question to the NASA Access Help Desk 
at (301) 621-0134
•   Telephone the NASA Access Help Desk at (301) 
621-0390
•   Write to:
    NASA Access Help Desk
    NASA Center for AeroSpace In for ma tion
    7121 Standard Drive
    Hanover, MD 21076–1320
On the cover: evolution of the ionospheric total electron content for 10 days of the CONT02 continuous VLBI campaign in 
in October 2002 (Courtesy: Rüdiger Haas). The maps cover an area from 180°W to 180°E sun-ﬁxed longitude (horizontal  
Onsala Space Observatory in this volume.
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IVS is an international collaboration of organizations 
which operate or support Very Long Baseline Inter-
ferometry (VLBI) components. The goals are:
1. To provide a service to support geodetic,
 geophysical and astrometric research and opera- 
 tional activities.
2. To promote research and development activities
 in all aspects of the geodetic and astrometric VLBI  
 technique.
3. To interact with the community of users of VLBI  
 products and to integrate VLBI into a global Earth  
 observing system.
The IVS
• Interacts closely with the IERS, which is tasked by  
 IAU and IUGG with maintaining the international  
 celestial and terrestrial reference frames (ICRF
 and ITRF),
• coordinates VLBI observing programs, 
• sets performance standards for the observing stations, 
• establishes conventions for data formats and
 products, 
• issues recommendations for analysis software,
• sets standards for analysis documentation,
• institutes appropriate product delivery methods in  
 order to insure suitable product quality and timeliness.
REALIZATION AND STATUS OF IVS
IVS consists of
• 30 Network Stations, acquiring high performance  
 VLBI data,
• 3 Operation Centers, coordinating the activities of a  
 network of Network Stations,
• 6 Correlators, processing the acquired data, provid- 
 ing feedback to the stations and providing processed  
 data to analysts,
• 6 Data Centers, distributing products to users,  
 providing storage and archiving functions,
• 21 Analysis Centers, analyzing the data and pro- 
 ducing the results and products,
• 7 Technology Development Centers, developing new
 VLBI technology,
• 1 Coordinating Center, coordinating daily and long
 term activities.
Altogether
• 74 Permanent Components, representing 37 institu- 
 tions in 17 countries,
• ~250 Associate Members.
In addition the IVS has:
• Directing Board, determining policies, standards  
 and goals; the board is composed of 15 members  
 (elected and ex ofﬁcio), including
• Coordinators for the network, analysis
 and technology.














































































The following organizations contribute to IVS by sup-
porting one or more IVS components. They are considered 
IVS Members. Listed alphabetically by country. 
Organization   Country
 
Geoscience Australia   Australia 
University of Tasmania   Australia
Vienna University of Technology  Austria
Centro de Rádio Astronomia e   
 Aplicações Espaciais   Brazil
Space Geodynamics Laboratory  Canada
Geodetic Survey Division,
 Natural Resources Canada  Canada
Dominion Radio Astrophysical
 Observatory    Canada
Canadian Space Agency   Canada 
Universidad de Concepción  Chile
Universidad del Bío Bío   Chile
Universidad Católica de la  Chile
 Santísima Concepción
Instituto Geográphico Militar of Chile Chile
Chinese Academy of Sciences  China
Observatoire de Paris   France
Observatoire de Bordeaux  France
Deutsches Geodätisches
 Forschungsinstitut   Germany
Bundesamt für Kartographie
 und Geodäsie   Germany
Geodetic Institute of the University
 of Bonn    Germany
Forschungseinrichtung Satellitengeodäsie,
 TU-Munich    Germany
Istituto di Radioastronomia CNR  Italy
Agenzia Spaziale Italiana  Italy
Geographical Survey Institute  Japan
National Institute of Information  
 and Communications Technology Japan
National Astronomical Observatory
 of Japan    Japan
National Institute of Polar Research Japan
Norwegian Defence Research
 Establishment   Norway
Norwegian Mapping Authority  Norway
Astronomical Institute of
 St.-Petersburg University  Russia
Institute of Applied Astronomy  Russia
Hartebeesthoek Radio Astronomy
 Observatory    South Africa
Instituto Geograﬁco Nacional  Spain
Chalmers University of Technology Sweden
Organization Country
Main Astronomical Observatory,
      National Academy of Sciences, Kiev Ukraine
Laboratory of Radioastronomy
      of Crimean Astrophysical Observatory Ukraine
NASA Goddard Space Flight Center USA
U. S. Naval Observatory USA
Jet Propulsion Laboratory USA
IVS AFFILIATED ORGANIZATIONS
The following organizations cooperate with IVS on issues
of common interest, but do not support an IVS component.
Afﬁliated Organizations express an interest in establishing
and maintaining a strong working association with IVS to 
mutual beneﬁt. Listed alphabetically by country. 
Organization Country
Australian National University Australia
University of New Brunswick Canada
Max-Planck-Institut für Radioastronomie Germany
FÖMI Satellite Geodetic Observatory Hungary
Korea Astronomy Observatory Korea
Joint Institute for VLBI in Europe (JIVE) Netherlands
Westerbork Observatory Netherlands
Aukland University of Technology New Zealand
Central (Pulkovo) Astronomical Observatory Russia
National Radio Astronomy Observatory USA
PRODUCTS
The VLBI technique contributes uniquely to
• Deﬁnition and realization of the International  
 Celestial Reference Frame (ICRF)
• Monitoring of Universal Time (UT1) and length
 of day (LOD)
• Monitoring the coordinates of the celestial pole
 (nutation and precession)
Further signiﬁcant products are
• All components of Earth Orientation Parameters at
 regular intervals
• Station coordinates and velocity vectors for the   
 realization and maintenance of the International   
 Terrestrial Reference Frame (ITRF)
All VLBI data and results in appropriate formats are ar-
chived in data centers and publicly available for research
in related areas of geodesy, geophysics and astrometry.
4IVS Component  Map
IVS COMPONENTS BY 
COUNTRY
Australia   2
Austria    1
Brazil    1
Canada   3 
Chile 1
China    3
France    3
Germany   8
Italy    7
Japan    12
Norway   3
Russia    6
South Africa   1
Spain    1
Sweden   3
Ukraine   2
USA    17
Total    74
A complete list of IVS Permanent
Components is in the IVS Information

























































NAME:  Zinovy Malkin
AFFILIATION:  Institute of
Applied Astronomy, Russia
POSITION:  Analysis and Data 
Centers Representative
TERM:  Sept 2003 to Feb 2005
NAME:  Wolfgang Schlüter
AFFILIATION:  Bundesamt für 
Kartographie und Geodäsie, 
Germany
POSITION:  Chair and Networks 
Representative
TERM:  Feb 2003 to Feb 2007
NAME:  Chopo Ma
AFFILIATION:  NASA Goddard 
Space Flight Center, USA
POSITION:  IERS Representative
TERM:  ex ofﬁcio
NAME:  Franco Mantovani
AFFILIATION:  CNR Bologna, 
Italy
POSITION:  At Large Member
TERM:  Sept 2003 to Feb 2005
NAME:  Ed Himwich
AFFILIATION:  NVI, Inc./





NAME:  Kerry Kingham





TERM:  Feb 2003 to Feb 2007
NAME:  Yasuhiro Koyama
AFFILIATION:  National 
Institute of Information and 
Communications Technology, 
Japan
POSITION:  At Large Member
TERM:  Feb 2001 to Feb 2005
7NAME:  Arthur Niell
AFFILIATION:  Haystack
Observatory, USA
POSITION:  Techology Devel-
opment Centers Representative
TERM:  Feb 2001 to Feb 2005






NAME:  Nancy Vandenberg
AFFILIATION:  NVI, Inc./
Goddard Space Flight Center, 
USA
POSITION:  Coordinating Center 
Director
TERM:  ex ofﬁcio
NAME:  Patrick Wallace
AFFILIATION:  Rutherford
Appleton Laboratory, UK
POSITION:  IAU Representative
TERM:  ex ofﬁcio
NAME:  Axel Nothnagel





NAME:  Shigeru Matsuzaka




TERM:  Feb 2003 to Feb 2007
NAME:  Harald Schuh
AFFILIATION:  Vienna University 
of Technology, Austria
POSITION:  IAG Representative
TERM:  ex ofﬁcio
NAME:  William Petrachenko
AFFILIATION:  National
Resources Canada, Canada
POSITION:  At Large Member
TERM:  Feb 2003 to Feb 2005
8IVS Chair's Report  
Wolfgang Schlüter
Bundesamt für Kartographie und Geodäsie, Germany
With the 2004 Annual Report (AR) the International 
VLBI Service for Geodesy and Astrometry (IVS) presents 
its 6th Annual Report since its beginning. Even if paper 
versions appear to be old-fashioned when compared to 
the e-media which are available today, I think it is still 
a very valuable document—not only for the IVS Associ-
ate Members, but also for external, interested scientists 
showing the progress of the entire community over time 
and providing a lot of information about all components. I 
thank everybody for contributing his work during the year 
and preparing a report. Timely appearance of the AR is 
highly appreciated, because it maintains the AR as a real 
information exchange tool for the community and related 
groups. Making the AR available in due time is always 
an ambitious goal and I thank the editors for the timely 
release.
In 2004 IVS again was able to increase its productivity 
with respect to previous years. This can be seen by the 
amount of observations expressed in session days (per 
year) and in station days (per year).  Both parameters are 
shown in Figure 1 for the time period from 1999 to 2005. 
In 2004 IVS observed 192 session days, which means 
that (on average) every other day or more frequently a 
full day session was carried out and VLBI products were 
generated. This does not include the Intensive observa-
tions, which are now observed daily.
Figure 1. Increase of observations since 1999
Figure 2 depicts the contributions of the stations with more 
than one 24h-observation session a month. It shows that 
the load for the stations varies signiﬁcantly due to various 
reasons. One reason is the fact that some stations are not 
only involved in IVS observing sessions but also in radio 
astronomy projects. Nevertheless, every station day counts 
and each contribution is highly appreciated. The success 
of IVS is the sum of all contributions from all components. 
I would like to express my sincere gratitude to everybody 
in the community, in particular to the staff of the network 
stations that carry the load of doing the observations day 
and night. 
Figure 2. Stations with 12 or more sessions in 2004
New Components and Members
The Institute of Applied Astronomy (IAA), St. Petersburg, 
Russia, placed a proposal for Zelenchukskaya to become 
an IVS Network Station. Zelenchukskaya is located in the 
Caucasus. The IVS Directing Board approved the proposal 
and highly appreciated the contribution. I would like to 
express my thanks to the Institute for Applied Astronomy 
and I wish a successful participation in the IVS observing 
program.
Professor Sergei Gulyaev placed a request for the Earth 
and Oceanic Science Research Institute of the Auckland 
University of Technology to become an IVS Afﬁliated Or-
ganization member. The IVS Directing Board has accepted 
the proposal.  I thank them for their willingness to cooper-
ate with IVS.
Progress in 2004
A lot of progress has been made again in 2004. Here I 
would like to mention some aspects of general importance. 
Our IVS web pages show up in a new design. A small 
group, coordinated by Nancy Vandenberg, worked out the 
new web pages, which are very informative and easy to 
handle. Congratulations for the good work.
9Changes in the Directing Board in 2004
Since Harald Schuh, Vienna University of Technology, 
Austria, was nominated by the IAG to be the IAG repre-
sentative on the IVS Directing Board, the board nominated 
Zinovy Malkin, Institute for Applied Astronomy, St. Peters-
burg/Russia to become the Analysis and Data Centers rep-
resentative till the end of the term (February 2005).  The 
open at large position, in turn, was ﬁlled by the board by 
electing Franco Mantovani, CNR Bologna/Italy till the end 
of the term. The election of the Analysis and Data Centers 
and of the Technology Development Centers representa-
tives by the IVS Associate Members took place in January 
2005. The Election Committee —Kerry Kingham (chair), 
Nancy Vandenberg and Shigeru Matzusaka—started the 
election procedure in November/December. The election 
of the three at large positions by the Directing Board was 
also held in January 2005. The elected board members 
will begin their terms in 2005.
Chopo Ma and Axel Nothnagel are nominated as IVS rep-
resentative on the IERS Governing Board. Congratulations 
to Chopo Ma: he was elected Chair of the IERS. Chopo is 
also nominated as the IVS representative in the IAG Com-
mission 1 (global reference frames).
I regret to inform you that Nancy Vandenberg is reducing 
her activities in our community. Dirk Behrend has been 
employed and will take over Nancy’s part after a transition 
period. So far Nancy’s  contributions and experiences are 
of extreme importance for IVS, and I thank her for support-
ing IVS and introducing Dirk into the business. I would like 
to welcome Dirk to our community. Dirk has VLBI experi-
ence; he worked in a European VLBI Project led by James 
Campbell. I thank all board members for their active work 
and for the good collaboration.
IVS participated in the IERS Pilot Project. The prime goal 
was to set up procedures for combination with other geo-
detic techniques and to demonstrate the potential of combi-
nation. Thanks to the Analysis Coordinator Axel Nothnagel 
for coordinating the IVS contribution. Some inconsistencies 
were detected, such as wrong antenna offsets at some 
stations, which diminished the quality of the results. Now, 
with corrected offset values, the solutions have obviously 
improved.
Two steps in technology improvements have been made. 
The transition from tape drives to digital recording systems 
such as the Mark 5A and K5 has been performed within a 
very short period of time. Today most of the stations and in 
particular the correlators employ Mark 5A and K5 record-
ing systems. Observations recorded with K5 and Mark 5 in 
one session can be combined in the correlation procedures 
after format conversion. The digital recording systems im-
proved and tremendously accelerated the correlation pro-
cess. e-VLBI technology moved from the experimental stage 
closer and closer to a routine operation. The progress was 
strongly supported by the Technology Development Centers 
at MIT Haystack, USA, and NICT, Japan. 
Key Events in 2004
In February 2004, we had the 3rd General Meeting in Ot-
tawa, Canada, combined with an Analysis Workshop and 
a Directing Board Meeting. The keynote was “VLBI: Today’s 
Results and Tomorrow’s Vision”. All speakers were encour-
aged to address the results of today and to consider pos-
sible future directions. The meeting was a very good basis 
for the IVS Working Group 3, which is tasked to prepare 
a vision paper about future VLBI technologies. The Local 
Organizing Committee at Natural Resources Canada, 
chaired by Calvin Klatt, did a great job and made the stay 
during the cold season in Canada very pleasant.
The 3rd e-VLBI Workshop—in combination with a work-
ing meeting of Working Group 3 and an IVS Directing 
Board meeting—was held in Makuhari, Japan, in October. 
The National Institute of Information and Communications 
Technology (NICT) supported the meeting, which was very 
well organised by Yasuhiro Koyama.
Summary information about all the events and activities 
is available and published in the Newsletters 8, 9 and 
10. The Newsletters are an excellent media to transfer the 
information to everybody. The editor team—Nancy Van-
denberg, NVI/Goddard Space Flight Center; Hayo Hase, 
BKG/TIGO and Heidi Johnson, MIT Haystack—presented 
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ALB MM5 81 km 
radiosonde
nlevRS<40
MM5  6hr fcst
MM5 12hr fcst
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X, WETTZELL spectrum









180.0(mm^2) Y, WETTZELL spectrum









180.0(mm^2) Z, WETTZELL spectrum
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VLBI VTEC at Wettzell

















































































GPS − VTEC, Wettzell
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